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Abstrat
The quantum eld theoreti treatment of inlusive deepinelasti dirative sattering given
in a previous paper [1℄ is disussed in detail using an equivalent formulation with the aim
to derive a representation suitable for data analysis. We onsider the o-one twist2
light-one operators to derive the target mass and nite t orretions to dirative deep
inelasti sattering and deepinelasti sattering. The orretions turn out to be at most
proportional to x|t|/Q2, xM2/Q2, x = xBJ or xP, whih suggests an expansion in these
parameters. Their ontribution varies in size onsidering dirative sattering or meson
exhange proesses. Relations between dierent kinemati amplitudes whih are determined
by one and the same dirative GPD or its moments are derived. In the limit t,M2 → 0
one obtains the results of [2℄ and [3℄.
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1 Introdution
The proess of deepinelasti dirative leptonnuleon sattering an be measured at high
energy olliders and onstitutes a large fration of the inlusive statistis, although being a
semiinlusive proess. It was rst observed at the eletronproton ollider HERA some years
ago [4℄ and is now measured in detail [5℄. The struture funtion FD2 (x,Q
2) was extrated.
In the same manner it is desirable to ompare the longitudinal dirative struture funtion
FDL (x,Q
2) with the longitudinal struture funtion in the inlusive ase [6,7℄. The measurement
of the polarized dirative struture funtions gD1,2(x,Q
2) will be possible at future failities like
EIC [8℄, whih are urrently planned. The experimental measurements learly showed that the
saling violations of the deep-inelasti and the dirative struture funtions in the deep-inelasti
regime, after an appropriate hange of kinemati variables, are the same. Furthermore, the ratio
of the two quantities, did not vary strongly, f. [9℄. While the former property is learly of
perturbative nature, the latter is of nonperturbative origin. For dirative sattering, however,
another mass sale is of importane, whih is given by the invariant mass t = (p2−p1)2. Here p1(2)
denote the 4momenta of the inoming and outgoing proton, where for the latter a suiently
large rapidity gap between this partile and the remainder nal state hadrons is demanded as
proess signature. A similar lass of proesses are the so-alled mesonexhange proesses, f.
e.g. [10℄, where the nite rapidity gap is not required, but the rle of the formerly dirative nal
state proton is taken by a leading hadron, whih distinguishes itself due to its high momentum
from the remaining hadrons. Also in this ase one may try a leading twist desription, although
the signature for this proess is less lear than in the dirative ase.
The proess of deepinelasti dirative sattering was rst desribed phenomenologially
[11℄. A onsistent eld-theoreti desription of the proess requires fatorization for the twist2
ontributions [12℄. It is due to this desription that referene to spei pomeron models are
thoroughly avoided. In Refs. [2, 3, 13℄ two of the present authors gave a orresponding eld
theoreti desription of the proess in the limit t,M2 → 0. In [2℄ we proved that under these
onditions the saling violations for dirative sattering and inlusive deeply inelasti sattering
are the same, up to a hange in the momentum-fration variable in the former ase.
At low 4momentum transfer Q2 both target mass (M2) and nite momentum transfer (t)
orretions have to be onsidered for the dirative and leading hadron proesses with meson
exhange. In the deep-inelasti ase the target mass orretions were studied in Refs. [1417℄,
see also [18℄. The kinematis of the dirative and leading hadron proesses is similar to that
in deeply-virtual nonforward sattering. Considering this general lass of proesses, one nds
that the treatment of target mass eets and nite teets an only be performed by ombining
both, see [19, 20℄. If ompared with the deepinelasti ase the number of hadroni struture
funtions enlarges in the dirative ase from two to four for unpolarized sattering and to eight
for polarized sattering, as shown in [2, 3℄, if the general kinematis is onsidered. In Ref. [1℄
we worked out these orretions for the hadroni tensor in general, yet without quantifying the
result. If one departs form the limit t,M2 → 0 the orresponding representations require to arry
out a one-dimensional denite integral whih kinematially relates the two proton momenta p1
and p2. As the integration is to be performed over unknown non-perturbative funtions there
is no a priori experimental way to unfold the non-perturbative distributions, whih also would
invalidate the partoni desription in ase of dirative sattering. Moreover, theM2 and t eets
dealt with in this ase are not yet omplete, sine there emerge other ontributions more in the
sattering ross setion. One may expand the omplete solution in two variables t/Q2,M2/Q2.
It is found that these terms multiply at least with a fator x = xBJ(P), whih is bounded in the
dirative ase to values below 0.01 and in the mesonexhange ase / 0.3. Thus the leading
2
terms beyond t,M2 = 0 give a good rst estimate for the orretions. The further orretions
turn out to be widely suppressed in the dirative ase, while they are larger for leading partile
ross setions in the mesonexhange ase.
In the present paper we will disuss both the unpolarized and polarized ase. The paper
is organized as follows. In Setion 2 we derive the dierential sattering ross setion for in-
lusive dirative sattering at the Lorentz level. Main aspets of the relation of this proess
to the Compton amplitude within the lightone expansion inluding nite M2 and t eets
are summarized in Setion 3. The hadroni tensors for the unpolarized and polarized ase are
expanded in terms of the variables t/Q2, M2/Q2 in Setion 4 to show the size of the orretion
terms. Setion 5 ontains the onlusions. In Appendix A we summarize some kinemati rela-
tions. The present formalism is speied to the ase of deepinelasti forward sattering (DIS)
in Appendix B, where we obtain the target mass orretions given in [1517℄ before.
2 The Lorentz Struture
The proess of deepinelasti dirative sattering belongs to the lass of semiinlusive pro-
esses. It is desribed by an eetive 2 → 3 diagram, f. Figure 1 Ref. [2℄, with inoming and
outgoing harged lepton and nuleon lines and an eetive 4-vetor for all the other hadron lines
in the nal state, whih are well separated in rapidity from the outgoing dirative nuleon line.
The dierential sattering ross setion for singlephoton exhange is given by
d
5σdiffr =
1
2(s−M2)
1
4
dPS(3)
∑
spins
e4
Q2
LµνW
µν . (2.1)
Here s = (p1 + l1)
2
is the ms energy squared of the proess and M denotes the nuleon mass.
The phase spae dPS(3) depends on ve variables sine the massMX of the diratively produed
inlusive set of hadrons varies. We hoose as basi variables
xBJ =
Q2
Q2 +W 2 −M2 = −
q2
2 qp1
, (2.2)
y =
Q2
xBJ(s−M2) , (2.3)
t = (p2 − p1)2 the 4momentum dierene squared between inoming and outgoing nuleon, a
variable desribing the non-forwardness w.r.t. the inoming proton diretion,
xP =
Q2 +M2X − t
Q2 +W 2 −M2 = −
qp−
qp1
≥ xBJ , (2.4)
and the angle φb between the lepton plane p1 × l1 and the hadron plane p1 × p2,
cos(φb) =
(p1 × l1).(p1 × p2)
|p1 × l1||p1 × p2|
. (2.5)
Here Q2 = −q2 denotes the photon virtuality and W is the hadroni mass with W 2 = (p1 + q)2.
We also refer to x = Q2/qp+. It is useful to introdue the 4vetors
p± = p2 ± p1 . (2.6)
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The dirative mass squared is given by M2X = (q − p−)2. The momenta p± obey
(p+ p−) = 0,
p2+
p2−
=
4M2
t
− 1 . (2.7)
For later use we refer to the non-forwardness η and the variable β dened by
η =
qp−
qp+
=
−xP
2− xP ∈
[
−1 , −x
2− x
]
, β =
q2
2 qp−
=
xBJ
xP
≤ 1 . (2.8)
The variable xP is diretly related to η but is more ommonly used in experimental analyzes,
xP =
2η
η − 1 . (2.9)
More kinemati invariants are given in Appendix A.
The transverse momentum variable, introdued as πˆ−, [1℄, or π− = −ηπˆ− is of speial impor-
tane,
π− = p− − p+η, (qπ−) = 0 . (2.10)
Later on it plays the role of an expansion parameter. The variables xBJ, xP, β and η obey the
inequalities
0 ≤ xBJ ≤ xP ≤ 1, 0 ≤ xBJ ≤ β ≤ 1, (2.11)
−∞ ≤ 1− 2
xBJ
≤ 1− 2β
xBJ
=
1
η
≤ −1 ≤ η ≤ −xBJ
2− xBJ ≤ 0 . (2.12)
For the spin averaged ross setion, the leptoni tensor is symmetri. Taking into aount
onservation of the eletromagneti urrent one obtains [2℄
W sµν = −gTµνW s1 + pT1µpT1ν
W s2
M2
+ pT2µp
T
2ν
W s4
M2
+
[
pT1µp
T
2ν + p
T
2µp
T
1ν
]W s5
M2
. (2.13)
Here and in the following we do not assume that azimuthal integrals are performed as sometimes
is done in experiment. In the latter ase the number of ontributing struture funtion redues.
In the ase of polarized nuleons we onsider the initial state spinvetor S1 ≡ S, S2 = −M2,
only and sum over the spin of the outgoing hadrons. One usually refers to the longitudinal (||)
and transverse (⊥) spin projetions hoosing
S|| = (
√
E2 −M2; 0, 0, 0, E) , (2.14)
S⊥ = (0; cos γ, sin γ, 0)M , (2.15)
in the laboratory frame with p1 = (E; 0, 0,
√
E2 −M2), with S.p1 = 0. Here γ denotes the
azimuthal angle. In the ase of longitudinal polarization the ontration of S|| with l1 and p2
being nearly ollinear to p1 are of O(µ2/Q2), µ2 = |t|,M2, see Appendix A.
The antisymmetri part of the hadroni tensor was derived in [3℄ and is given by
W aµν = i
[
pT1µp
T
2ν − pT1νpT2µ
]
εp1p2qS
W a1
M6
+ i
[
pT1µενSp1q − pT1νεµSp1q
]W a2
M4
+ i
[
pT2µενSp1q − pT2νεµSp1q
]W a3
M4
+ i
[
pT1µενSp2q − pT1νεµSp2q
]W a4
M4
+ i
[
pT2µενSp2q − pT2νεµSp2q
]W a5
M4
+ i
[
pT1µε
T
νp1p2S − pT1νεTµp1p2S
]W a6
M4
+ i
[
pT2µε
T
νp1p2S − pT2νεTµp1p2S
]W a7
M4
+ i εµνqS
W a8
M2
, (2.16)
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where εµναβ denotes the LeviCivita symbol. The kinemati fators above are onstruted out
of the fourvetors q, p1, p2 and S as well as gµν and εv0v1v2v3 using
pTµ = pµ − qµ
q.p
q2
, gTµν = gµν −
qµqν
q2
, (2.17)
εTµv1v2v3 = εµv1v2v3 − εqv1v2v3
qµ
q2
, (2.18)
εTTµνv1v2 = εµνv1v2 − εqνv1v2
qµ
q2
− εµqv1v2
qν
q2
. (2.19)
One may rewrite (2.16) into an equivalent form using the Shouten-identities [21℄.
Target mass and nite t orretions to the dierential sattering ross setion (2.1) in the
leading twist approximation emerge from three soures: (i) from kinemati terms at the Lorentz
level after ontrating the leptoni and hadroni tensor; (ii) from the expetation value of the
Compton operator; (iii) the t-behaviour of the nonperturbative distribution funtions.
We will rst onsider the ontributions (i) and disuss the terms (ii) in Setion 4. The non-
perturbative eets annot be alulated by rigorous methods within Quantum Chromodynamis
at present, but are left to phenomenologial models or are determined through ts to data, f. [11℄.
For pure photon exhange the leptoni tensor is given by
Lµν = 2(l1µl2ν + l2µl1ν − gµνl1.l2 − iεµναβlα1 qβ), (2.20)
f. [22℄, in ase of longitudinal lepton polarization.
We onsider the Bjorken limit,
2p1.q = 2Mν →∞, p2.q →∞, Q2 →∞, with xBJ and xP = fixed. (2.21)
Here,
MW s1 → F1 (2.22)
νW sk → Fk, k = 2, 4, 5 , (2.23)
with ν = y(s−M2)/(2M).
In the unpolarized ase we obtain in the limitM2, t→ 0 w.r.t. the kinematis of the momenta
p1 and p2, keeping the target mass dependene
dsσunpol
dxBJ dQ2
=
2πα2
Q4xBJ
[
2xF1 · y2 +
[
F2 + (1− xP)F4 + (1− xP)2F5
] · 2(1− y − x2BJy2M2
Q4
)]
,(2.24)
where Fk = Fk(xBJ, xP, Q
2; t) are the dirative struture funtions, f. [2℄. The orretion terms
are of O(M2/Q2, t/Q2). In the limit M2, t→ 0 the azimuthal dependene on φb vanishes.
Likewise we obtain in the polarized ase for longitudinal nuleon polarization,
d3σpol(λ,±S||)
dxBJdQ2dxP
= ∓4πsλ α
2
Q4
[
y
(
2− y − 2xBJyM
2
s
)
xg1 − 4xBJyM
2
s
g2
]
, (2.25)
d4σpol(λ,±S⊥)
dxBJdQ2dxP.dΦ
= ∓4πsλ
√
M2
s
α2
Q2
√
xBJy
[
1− y − xBJyM
2
s
]
cos(γ − Φ) [yxBJg1 + 2xBJg2] .
(2.26)
Here φ denotes the angle between the ~l1 − ~S and the ~l1 −~l2 plane and α is the anle between ~l1
and
~S. The struture funtions g1,2(xBJ, xP, Q
2; t) are obtained from W a2 ,W
a
3 ,W
a
4 ,W
a
5 and W
a
8
5
by
g1 =
p.q1
M2
W a8 , (2.27)
g2 =
(p.q1)
3
q2M4
[
W a2 + (1− xP)[W a3 +W a4 ] + (1− xP)2W a5
]
(2.28)
and the dierent struture funtions Fi and gi depend on the variables xBJ, xP, Q
2
and t.
3 The Compton Amplitude
The hadroni tensor for deepinelasti dirative sattering an be obtained from a Compton
amplitude as has been outlined in [13℄ before. We limit the desription to the level of the
twist2 ontributions, where fatorization holds for the semiinlusive dirative proess [12℄.
Furthermore, A. Mueller's generalized optial theorem [23℄ allows to move the nal state proton
into an initial state anti-proton, where both partile momenta are separated by t and form
a formal `quasi twopartile' state |p1,−p2, S; t〉. These states are used to form the operator
matrix elements. The orretness of this proedure within the lightone expansion relies, rst,
on the rapidity gap between the outgoing proton and the remaining hadroni part with invariant
mass MX and, seond, on the speial property of matrix elements of the ontributing light-one
operators to ontain no absorptive part. Independently, one ould argue that the orresponding
matrix element is a pure phenomenologial quantity satisfying restritions imposed by quantum
eld theory. The general struture of the sattering amplitude is ompletely determined by the
o-one struture of the twist-2 Compton operator (3.4), f. [24℄.
The struture funtions for the dirative proess an thus be obtained by analyzing the
absorptive part
Wµν = ImTµν (3.1)
of the expetation value
Tµν (x) =
〈
p1,−p2, S; t
∣∣ T̂µν(x) ∣∣p1,−p2, S; t〉 , (3.2)
with the well-known operator T̂µν of (virtual) Compton sattering dened as
T̂µν(x) ≡ iR T
[
Jµ
(x
2
)
Jν
(
−x
2
)
S
]
. (3.3)
In [1℄, based on a general quantum eld theoreti onsideration of virtual Compton sattering
at twist 2 [20, 25, 26℄, we speied the various terms whih ontribute to the general struture
of the hadroni tensor Wµν = ImTµν in ase of deepinelasti dirative sattering. As shown
in [27, 28℄ the operator T̂µν in lowest order of the nonloal lightone expansion [29℄ ontains
the vetor or axial vetor operators only. The sattering amplitude is obtained by the Fourier
transform of the operator T̂{µν} (x) and forming the matrix element (3.2). Here, we want to
study its twist2 ontributions inluding target mass and nite momentum transfer orretions.
This is obtained by harmoni extension [26, 30, 31℄ of the twist2 light-one operators to twist2
o-one operators [32℄, leading to
T̂ tw2µν (q) = − e2
∫
d
4x
2iπ2
e
iqx xλ
(x2 − iǫ)2
{
Sµν|
αλOtw2α (κx,−κx)+ǫµναλOtw25α (κx,−κx)
}
, (3.4)
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with
Otw2α (κx,−κx) = i[ψ(κx)γαψ(−κx)− [ψ(−κx)γαψ(κx)]tw2,
Otw25α (κx,−κx) = [ψ(κx)γ5γαψ(−κx) + [ψ(−κx)γ5γαψ(κx)]tw2,
and κ = 1/2. The matrix elements an be written in terms of vetors Kaµ,(5) and 2dimensional
Fourier-integrals over partoni distributions fa(5)(z+, z−, t) summing over a,
〈p1,−p2; t| e2Otw2µ (κx,−κx) |p1,−p2; t〉 = Kaµ(p±)
∫
DZ
(2π)4
eiκx(p−z−+p+z+) f a(z+, z−, t) ,
(3.5)
〈p1,−p2, S; t| e2Otw25µ (κx,−κx) |p1,−p2, S; t〉 = Ka5µ(p±, S)
∫
DZ
(2π)4
eiκx(p−z−+p+z+) f5 a(z+, z−, t) ,
(3.6)
whih is dened as asymptoti expression on the light-one at x2 = 0.
We hoose as kinemati fators for the representation of the matrix element of the non-loal
operator for the symmetri part (3.5)
K1µ = pµ+ , K2 µ = πµ− ≡ pµ− − ηpµ+ , (3.7)
and for its antisymmetri part (3.6)
K1 µ5 = Sµ , K2 µ5 = pµ+ (p2S)/M2 , K3 µ5 = πµ− (p2S)/M2 . (3.8)
The normalization to M2 in (3.8) is arbitrary and has to be arranged with the denition of the
orresponding distribution funtions fa,(5 a)(z+, z−), respetively. The orresponding Lorentz-
invariant has to be formed out of the hadroni momenta, exept the spin vetor, sine the
polarizationsymmetries are assumed to be linear in the spin.
The momentum frations z± in (3.5, 3.6) orresponding to the momenta p± are
P = (p+, p−) = (p2 + p1, p2 − p1), Z = (z+, z−) = ((z2 + z1)/2, (z2 − z1)/2) , (3.9)
with the measure DZ
DZ = 2 dz+dz− θ(1− z+ + z−) θ(1 + z+ − z−) θ(1− z+ − z−) θ(1 + z+ + z−) . (3.10)
We refer to fa(5)(z+, z−, t) as dirative generalized parton distribution funtions, (dGPD), in
distintion to the GPDs emerging in deeply virtual Compton sattering [33℄. These amplitudes
are diretly onneted to the total ross setions and polarization asymmetries, respetively.
Both kinds of GPDs are expetation values of the same lightone operator, however, between
dierent states. Interesting limiting ases an be derived from them. For the dGPDs these are
the quasi ollinear limit: π− → 0,M2 → 0, [2, 3℄, and the limit of deepinelasti sattering,
see Appendix B. Furthermore, for both types of GPDs the evolution equations are derived from
the renormalization group equation for the same lightone operators. It is remarkable, that
the evolution equations for the dGPDs are twovariable equations whih redue to the simple
evolution equation for forward sattering in the quasi ollinear limit, f. [2℄.
The (dimensionless) amplitudes f(5) a(z+, z−, t) depend on t and η expliitly. In addition, there
appears a t and M2dependene of the amplitude (3.2) in momentum spae, whih nally, on
the one hand, results from the Fourier transform in (3.4) where the operator Otw2(5)α(κx,−κx) is
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o the light-one, i.e. with all trae subtrations. On the other hand, the dependene results
from the kinemati prefators Ka(5)µ(p±, S).1
Conerning the independent kinemati fators one has two possibilities, whih are mathe-
matially equivalent, depending on whether one hooses p− or p+ as essential variable as we did
in our previous papers [1℄ and [20℄, respetively. The orresponding hoies lead to dierent
dGPDs.
(1) In the rst ase, whih we onsidered in [1℄, f. also [2℄ and [3℄, p− was hosen as essential
variable, by starting from the physial piture using the generalized optial theorem, and the
parameterization
2
p−z− + p+z+ = λˆ [p− + ζˆ(p+ − p−/η)] = λˆ [p− + ζˆ πˆ−] ≡ λˆ Pˆ, (3.11)
with
λˆ = z− + z+/η ,
z+ = λˆ ζˆ ,
z− = λˆ (1− ζˆ/η) . (3.12)
(2) A mathematially equivalent desription is obtained starting from p+ as the essential variable
[20℄. In this approah we introdue the new variables λ and ζ instead of z+ and z−,
p−z− + p+z+ = λ [ p+ + ζ (p− − η p+)] = λ (p+ + ζ π−) ≡ λP= 2Π , (3.13)
with
λ = z+ + ηz− ,
z− = λζ ,
z+ = λ(1− ζη) . (3.14)
Here the variable λ plays the role of a ommon sale for z±. Compared to Ref. [20℄ we list the
essential kinemati variables using the above parameterization
P(η, ζ) = p+(1− η ζ) + p−ζ , (3.15)
P2 = p2+ − 2 ζ ηp2+ + ζ2(p2− + p2+η2), (3.16)
qP = qp+,
P2/(PT)2 = x2(P2/Q2) / [1 + x2(P2/Q2)] , (3.17)
and
ξ± =
2x
1±√1 + x2P2/Q2 , x = Q
2
qp+
=
Q2
2qp1
(1− η) = xBJ(1− η) = −2 β η. (3.18)
Obviously, ξ+ ≡ ξ is the appropriate generalization of the Nahtmann variable. With these
denitions the measure of the Zintegration is
DZ = 2|λ| dλ dζ θ(1− λ+ (1 + η)λ ζ) θ(1 + λ− (1 + η)λ ζ)
× θ(1− λ− (1− η)λ ζ) θ(1 + λ+ (1− η)λ ζ) . (3.19)
1
In the following the expliit tdependene of the distribution funtions is always understood and we drop
this variable to lighten the notation.
2
For later onveniene the notation (ϑ, ζ) of Ref. [1℄ has been hanged into (λˆ, ζˆ).
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In the present treatment we hoose p+ as the essential variable.
In Ref. [1℄ deepinelasti dirative sattering has been worked out within the rst approah.
The resulting expressions ontain an internal ζˆintegral whih is not well suited for the diret
omparison of experimental data with the dirative GPDs. One way out is to introdue new
`integrated distributions'. Furthermore, we an perform a systemati 1/Q2 expansion whih
leads to an expansion in terms of P2/Q2 diretly. Sine P2 is a polynomial of seond order in
the variable ζ we are led to a ζ expansion,
Pˆ2 = t− 2 ζˆ t/η + (4M2 − t+ t/η2) ζˆ2|ζˆ→0 = t , (3.20)
P2 = Pˆ2/ η2 = (4M2 − t)(1− 2 η ζ) + [ t+ (4M2 − t) η2] ζ2|ζ→0 = (4M2 − t). (3.21)
We prefer the seond parameterization whih leads to expressions whih ontain as lowest ap-
proximation the mass orretions known from deepinelasti sattering, without requiring any
further redenition of the dGPDs. We use the original expression for the Compton sattering
amplitude [20℄ with the λparameterization and apply the matrix elements (3.5, 3.6).
4 The Hadroni Tensor
In the following we disuss the symmetri and antisymmetri ontributions to the hadroni
tensor, whih orrespond to the unpolarized and polarized ase, separately.
4.1 The Symmetri Part
The symmetri part of the hadroni tensor for dirative sattering, f. [1, 20℄ is given by
W tw2{µν} (q) = Im
q2
2
∫
DZ
A{µν}(q,P)
λ
√
(qP)2 − q2P2
(
1
1− ξ+/λ+ iε −
1
1− ξ−/λ− iε
)
= −2π
∫
dζ
q2√
(qP)2 − q2P2
{
qKa
qP
[
gTµνFa 1(ξ, ζ)−
PTµ PTν
(PT)2 Fa 2(ξ, ζ)
]
+
(qKa
qP −
PKa
P2
)[
gTµνFa 3(ξ, ζ)−
PTµPTν
(PT)2 Fa 4(ξ, ζ)
]
−
(KaTµ PTν + PTµKaTν
(PT)2 − 2
qKa
qP
PTµPTν
(PT)2
)
Fa 5(ξ, ζ)
}
.
(4.1)
The relevant imaginary part belongs to the δdistribution δ(1 − ξ+/λ) in terms of variables
(ξ+ ≡ ξ, ζ), with the λintegration, (3.19), being arried out. It implies the pole ondition,
f. [20℄ Eqs. (6.66.10) and [1℄,
1 + 1
2
ξ xP2/Q2 =
√
1 + x2P2/Q2 = −(1− 2 x/ ξ) . (4.2)
whih we use below. The struture funtions Fai, i = 1, . . . , 5 are given by
Fa 1(ξ, ζ) = Φ
(0)
a (ξ, ζ) +
1
2
xP2/Q2√
1 + x2P2/Q2 Φ
(1)
a (ξ, ζ) +
1
4
(xP2/Q2)2
1 + x2P2/Q2 Φ
(2)
a (ξ, ζ) , (4.3)
Fa 2(ξ, ζ) = Φ
(0)
a (ξ, ζ) +
3
2
xP2/Q2√
1 + x2P2/Q2 Φ
(1)
a (ξ, ζ) +
3
4
(xP2/Q2)2
1 + x2P2/Q2 Φ
(2)
a (ξ, ζ) . (4.4)
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Fa 3(ξ, ζ) = −1
2
ξ xP2/Q2√
1 + x2P2/Q2 Φ
(0)
a (ξ, ζ) (4.5)
+
1
2ξ
(
ξ xP2/Q2√
1 + x2P2/Q2 −
(ξ xP2/Q2)2
1 + x2P2/Q2
)
Φ(1)a (ξ, ζ)
−1
ξ
(
ξ xP2/Q2√
1 + x2P2/Q2 −
(ξ xP2/Q2)2
1 + x2P2/Q2 +
3
8
(ξ xP2/Q2)3√
1 + x2P2/Q2 3
)∫ 1
ξ
dy
y
Φ(1)a (y, ζ)
−1
ξ
(
(ξ xP2/Q2)2
1 + x2P2/Q2 −
3
4
(ξ xP2/Q2)3√
1 + x2P2/Q2 3
+
3
16
(ξ xP2/Q2)4
[1 + x2P2/Q2]2
)∫ 1
ξ
dy
y2
Φ(2)a (y, ζ) ,
Fa 4(ξ, ζ) = −1
2
ξ xP2/Q2√
1 + x2P2/Q2 Φ
(0)
a (ξ, ζ) (4.6)
+
1
ξ
(
5
2
ξ xP2/Q2√
1 + x2P2/Q2 −
3
2
(ξ xP2/Q2)2
1 + x2P2/Q2
)
Φ(1)a (ξ, ζ)
−3
ξ
(
ξ xP2/Q2√
1 + x2P2/Q2 − 2
(ξ xP2/Q2)2
1 + x2P2/Q2 +
5
8
(ξ xP2/Q2)3√
1 + x2P2/Q2 3
)∫ 1
ξ
dy
y
Φ(1)a (y, ζ)
−3
ξ
(
(ξ xP2/Q2)2
1 + x2P2/Q2 −
5
4
(ξ xP2/Q2)3√
1 + x2P2/Q2 3
+
5
16
(ξ xP2/Q2)4
[1 + x2P2/Q2]2
)∫ 1
ξ
dy
y2
Φ(2)a (y, ζ) ,
Fa 5(ξ, ζ) =
1
ξ
[
Φ(1)a (ξ, ζ) +
3
2
ξ xP2/Q2√
1 + xP2/Q2
∫ 1
ξ
dy
y
Φ(1)a (y, ζ)
+
3
4
(ξ xP2/Q2)2
1 + xP2/Q2
∫ 1
ξ
dy
y2
Φ(2)a (y, ζ)
]
. (4.7)
Whereas Fa 1(2)(ξ, ζ) are diret generalizations of the well-known deepinelasti struture fun-
tions. Fa k(ξ, ζ)|k=3,4,5 are new struture funtions, whih vanish in the forward limit, f. Ap-
pendix B. The typial square roots
√
1 + x2P2/Q2 for the mass orretions depend on the gen-
eralized momentum P = P(ζ). After substituting λ→ ξ in (4.34.7), we introdue the following
iterated representations for the basi dGPDs fa(λ, ζ), f. (3.5):
Φ(0)a (ξ, ζ) ≡ fa(ξ, ζ) , (4.8)
Φ(1)a (ξ, ζ) ≡
∫ 1
ξ
dy1 fa(y1, ζ) = ξ
∫ 1
0
dτ
τ 2
fa
(ξ
τ
, ζ
)
, (4.9)
Φ(2)a (ξ, ζ) ≡
∫ 1
ξ
dy2
∫ 1
y2
dy1 fa(y1, ζ) = ξ
2
∫ 1
0
dτ1
τ 31
∫ 1
0
dτ2
τ 22
fa
( ξ
τ1τ2
, ζ
)
, (4.10)
Φ(i)a (ξ, ζ) ≡
∫ 1
ξ
dy Φ(i−1)a (y, ζ) , for i ≥ 1 , (4.11)∫ 1
ξ
dy
y
Φ(1)a (y, ζ) ≡
∫ 1
ξ
dy1
y1
∫ 1
y1
dyΦ(0)a (y, ζ) = ξ
∫ 1
0
dτ1
τ 21
∫ 1
0
dτ2
τ 22
fa
( ξ
τ1τ2
, ζ
)
, (4.12)∫ 1
ξ
dy
y2
Φ(2)a (y, ζ) ≡
∫ 1
ξ
dy1
y21
∫ 1
y1
dyΦ(1)a (y, ζ) = ξ
∫ 1
0
dτ1
τ 31
∫ 1
0
dτ2
τ 22
∫ 1
0
dτ3
τ 23
fa
( ξ
τ1τ2τ3
, ζ
)
. (4.13)
Let us now investigate the eet of target masses and nite terms in t in more detail. It turns
out that both the M2 and tontributions in the dirative struture funtions emerge due to
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the parameter ρ
ρ = ǫ x2
p2+
Q2
1
1 + x2p2+/Q
2
, (4.14)
with ǫ given by P2 = p2+(1 + ǫ),
ǫ =
1
p2+
[
2ζp+π− + ζ
2π2−
]
= −2ηζ +
(
η2 +
t
p2+
)
ζ2 . (4.15)
Sine
− η ≃ xP ≪ 1 , (4.16)
ρ eetively takes values ρ . 10−3 for xP . 10−2, |t| ≈ (0.1...1)M2, Q2 ≈ (1...5)M2. The range
of ζ is determined both by the support ondition (3.19) and the ondition P2 = p2+(1 + ǫ) > 0
in the dirative ase.
To prepare the expansion in ρ we rewrite the hadroni tensor as
W tw2{µν} (q) = 2π
∫
dζ
qKa
qP
[
− gTµν W diffa 1
(
x,
P2
Q2
; ζ
)
+
PTµ PTν
M2
W diffa 2
(
x,
P2
Q2
; ζ
)]
,
+
{(
qKa
qP −
PKa
P2
)P2
Q2
[
− gTµνW diffa 3
(
x,
P2
Q2
; ζ
)
+
PTµ PTν
M2
W diffa 4
(
x,
P2
Q2
; ζ
)]
+
(
PTµKaTν + PTν KaTµ − 2PTµPTν
qKa
qP
)
1
M2
W diffa 5
(
x,
P2
Q2
; ζ
)}
. (4.17)
The integral over ζ annot be performed easily. Here, the un-integrated struture funtions
W diffa k (x,P2(ζ)/Q2; ζ) are given by
W diffa 1
(
x,
P2(ζ)
Q2
; ζ
)
≡ − x√
1 + x2P2/Q2 Fa 1(ξ, ζ) , (4.18)
W diffa 3
(
x,
P2(ζ)
Q2
; ζ
)
≡ − x√
1 + x2P2/Q2
Q2
P2 Fa 3(ξ, ζ) , (4.19)
W diffa k
(
x,
P2(ζ)
Q2
; ζ
)
≡ −M
2
Q2
(
x√
1 + x2P2/Q2
)3
Fa k(ξ, ζ) for k = 2, 5 , (4.20)
W diffa 4
(
x,
P2(ζ)
Q2
; ζ
)
≡ −M
2
P2
(
x√
1 + x2P2/Q2
)3
Fa 4(ξ, ζ) . (4.21)
As noted in [1℄ a generalized CallanGross [34℄ relation between W diffa 1 and W
diff
a 2 , whih holds
for dirative sattering in the limit M2, t → 0, [2℄, is broken as in the ase of deepinelasti
sattering [15℄. Correspondingly, the distribution funtions W diffa (1,2) are related to W
diff
aL , the
dirative analogue of the longitudinal struture funtion of deepinelasti sattering, by
W diffaL (x,P2/Q2; ζ) = −W diffa 1 (x,P2/Q2; ζ) +
(
1 +
x2P2
Q2
)
qp+
xM2
W diffa 2 (x,P2/Q2; ζ) . (4.22)
To see this in detail, we insert (4.3), (4.4) and (4.20), so that
W diffaL (x,P2/Q2; ζ) =
x√
1 + x2P2/Q2
(
Fa 1(ξ, ζ)− Fa 2(ξ, ζ)
) ≈ O(x2P2
Q2
)
. (4.23)
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The last relation follows by diret inspetion of Fa i and is expliit in
W diffaL (x,P2/Q2; ζ) = −
x2P2
2Q2
∂
∂x
( x
ξ
√
1 + x2P2/Q2Φ
(2)
a (ξ, ζ)
)
(4.24)
derived in [20℄, f. also [15, 16℄ for the ase of forward sattering.
Most of the above quantities depend on P2 (3.15) whih we write now as
P2 = p2+ + 2ζp+π− + ζ2π2− = p2+(1 + ǫ) . (4.25)
Let us simplify the ontration of the kinemati oeients in (4.17). For K1 = p+, observing
qP = qp+ and Eq. (4.25) for P2, we obtain
qK1
qP = 1 , (4.26)(qK1
qP −
PK1
P2
)P2
Q2
=
p2+
Q2
(
− ηζ + ζ2
(
η2 +
t
p2+
))
(4.27)
KT1µPTν + PTµKT1ν − 2
qK1
qP P
T
µ PTν = − ζ
(
pT+µπ−ν + p
T
+νπ−µ
)− 2 ζ2π−µπ−ν , (4.28)
and for K2 = π−, due to the transversality of π−, one nds
qK2
qP = 0 , (4.29)(qK2
qP −
PK2
P2
)P2
Q2
=
p2+
Q2
(
η − ζ
(
η2 +
t
p2+
))
, (4.30)
KT2µPTν + PTµKT2ν − 2
qK2
qP P
T
µ PTν =
(
pT+µπ−ν + p
T
+νπ−µ
)
+ 2 ζ π−µπ−ν . (4.31)
It is remarkable that only for K1 = p+ the rst invariant qK1/qP ontributes to the zeroth power
in ζ , whereas the other ones start at most with the rst power. The ontributions of invariants
belonging to kinemati oeients ontaining π− are less important beause this variable is
transverse to q with π−q = 0. The orresponding invariants
π2− = t+ η
2 p2+, π−p+ = −η p2+, π−p− = t , (4.32)
are small ompared to Q2.
Having now expressed the ζdependene in all kinemati fators expliitly, we may perform
the ζintegral introduing nth moments :
W
(n) diff
a k (x, η, t, p
2
+/Q
2) =
∫
dζ ζnW diffa k (x,P2/Q2; ζ) . (4.33)
The hadroni tensor reads
1
2π
ImT tw2{µν} (q) =
− gTµν
{
W
(0) diff
1 1 +
p2+
Q2
[
η (W
(0) diff
2 3 −W (1)diff1 3 ) +
(
η2 +
t
p2+
)
(W
(2)diff
1 3 −W (1)diff2 3 )
]}
+
pT+µp
T
+ ν
M2
{
W
(0) diff
1 2 +
p2+
Q2
[
η
(
W
(0) diff
2 4 −W (1) diff1 4
)
+
(
η2 +
t
p2+
)
(W
(2) diff
1 4 −W (1) diff2 4 )
]}
12
+
pT+µπ− ν + p
T
+ νπ−µ
M2
{
W
(1) diff
1 2 +
p2+
Q2
[
η(W
(1) diff
2 4 −W (2) diff1 4 )
+
(
t
p2+
+ η2
)
(W
(3) diff
1 4 −W (2) diff2 4 )
]
+W
(0) diff
2 5 −W (1) diff1 5
}
+
π−µπ+ ν
M2
{
W
(2) diff
1 2 + 2W
(1) diff
2 5 − 2W (2) diff1 5
+
p2+
Q2
[
η
(
W
(2) diff
2 4 −W (3) diff1 4
)
+
(
η2 +
t
p2+
)(
W
(4) diff
1 4 −W (3) diff2 4
)]}
. (4.34)
Here the momentum fration argument of the struture funtionsW diffak is the original Nahtmann
variable (3.18), whereas for the funtionsW
(n) diff
a k (x, η, t, p
2
+/Q
2) it is x. These struture funtions
are in priniple aessible experimentally, varying the external kinemati parameters xBJ, Q
2, t
and xP, (η = η(xP)).
Up to this point no approximations have been made. We would now like to disuss the above
struture. Note that disregarding of π− as transversal degree of freedom orresponds to the limit
ǫ → 0, (4.25). However, ǫ, (4.15), is not neessarily a small quantity. The Taylor expansion in
ǫ would retain the DIS-like target mass orretions and lead to the physially relevant power
series in p2+/Q
2
of the denominators. Beause of the smallness of ρ (4.14) and also x2p2+/Q
2
we
use the latter as expansion parameter. Thereby the Nahtmann variable is substituted by x in
lowest order, whereas by setting π− = 0 we would retain an approximate Nahtmann variable,
ξ0 = 2x/(1 +
√
1 + x2p2+/Q
2). (4.35)
For simpliity we proeed as follows:
• eetive expansion w.r.t. the parameter p2+/Q2,(
1 + x2
P2
Q2
)−n
=
(
1 + x2
p2+(1 + ǫ)
Q2
)−n
=
(
1− nx2 p
2
+
Q2
(1 + ǫ) + ...
)
, (4.36)
• expansion of the Nahtmann variable (3.18),
ξ − x = −1
4
x
x2p2+
Q2
(1 + ǫ) + ... , (4.37)
• use of x instead of the Nahtmann variable ξ.
• For the treatment of the denominators we shift the integration variable λ = λ′ + ξ − x,
1
λ− ξ + iελ =
1
λ′ − x+ iελ. (4.38)
Through this proedure we avoid the expansion of the denominator in favor of an expansion
of the dGPDs. In priniple problems ould arise beause of possible dierenes in ε(λ − λ′).
Therefore we have to expand the basi dGPD
Φ(i)a (λ, ζ) = Φ
(i)
a (λ
′ + ξ − x, ζ) = Φ(i)a (λ′, ζ) + ∂λ′Φ(i)a (λ′, ζ)(ξ − x) + . . .
= Φ(i)a (λ
′, ζ)− 1
4
x
x2p2+
Q2
(1 + ǫ)∂λ′Φ
(i)
a (λ
′, ζ) + . . . .
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As a test we an study the limit of deepinelasti sattering, whereby we reprodue the standard
result. For dirative DIS it is suient to onsider the lowest approximation whih extends our
results [2, 3℄. In the following we dene moments of the dGPDs by
Φ(i n)a (x) =
∫
dζζnΦ(i)a (x, ζ). (4.39)
This orresponds to a hange from a GPD to a parton density.
Now we apply our approximation proedure diretly to Eq. (4.17) using (4.184.21) and
(4.34.7). We write the result separately for the invariants K1 = p+,
1
2π
ImT tw2{µν} (q) |1 = gTµν
[
xΦ
(0 0)
1 (x) +
x2p2+
Q2
(
t01 1 + t
0
1 3 − t˜01 3 + ηt˜11 3
)]
− p
T
+µp
T
+ ν
Q2
[
x3Φ
(0 0)
1 +
x2p2+
Q2
x2
(
t01 2 + t
0
1 4 − t˜01 4 + ηt˜ 11 4
)]
− p
T
+µπ− ν + p
T
+ νπ−µ
Q2
[
x3Φ
(0 1)
1 − x2Φ(1 1)1
+
x2p2+
Q2
x2
(
t11 2 + t
1
1 4 − t˜ 11 4 − t11 5 + ηt˜ 21 4
)]
− π−µπ− ν
Q2
[
x3Φ
(0 2)
1 − 2x2Φ(1 2)1 +
x2p2+
Q2
x2
(
t21 2 + t
2
1 4 − t˜ 21 4 − 2t21 5 + ηt˜ 31 4
)]
,
(4.40)
and for K2 = π−,
1
2π
ImT tw2{µν} (q) |2 = gTµν
x2p2+
Q2
[
ηt˜ 02 3 −
(
η2 +
t
p2+
)
t˜ 12 3
]
− p
T
+µp
T
+ ν
Q2
x2p2+
Q2
x2
[
ηt˜ 02 4 −
(
η2 +
t
p2+
)
t˜ 12 4
)]
− p
T
+µπ− ν + p
T
+ νπ−µ
Q2
[
x2Φ
(1 0)
2 +
x2p2+
Q2
x2
(
t02 5 + ηt
1
2 4 −
(
η2 +
t
p2+
)
t˜ 22 4
)]
− π−µπ− ν
Q2
[
2x2Φ
(1 1)
2 +
x2p2+
Q2
x2
(
2t12 5 + ηt
2
2 4 −
(
η2 +
t
p2+
)
t˜ 32 4
)]
. (4.41)
Here tnai and t˜
n
ai are given by
tna1 =
∫
dζ(1 + ǫ(ζ))ζn
(
−1
2
xΦ(0)a (x, ζ) +
1
2
Φ(1)a (x, ζ)−
1
4
x2∂xΦ
(0)
a (x, ζ)
)
,
tna2 =
∫
dζ(1 + ǫ(ζ))ζn
(
−3
2
xΦ(0)a (x, ζ) +
3
2
Φ(1)a (ξ00, ζ)−
1
4
x2∂xΦ
(0
a (x, ζ)
)
, (4.42)
tna3 =
∫
dζ(1 + ǫ(ζ))ζn
(
−12xΦ(0)a (x, ζ) +
1
2
Φ(1)a (ξ00, ζ)−
∫ 1
x
dy
y
Φ(1)a (y, ζ)
)
,
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tna4 =
∫
dζ(1 + ǫ(ζ))ζn
(
−1
2
xΦ(0)a (x, ζ) +
5
2
Φ(1)a (x, ζ)− 3
∫ 1
x
dy
y
Φ(1)a (y, ζ)
)
,
tna5 =
∫
dζ(1 + ǫ(ζ))ζn
(
−5
4
Φ(0)a (x, ζ) +
3
2
∫ 1
x
dy
y
Φ(1)a (y, ζ)−
1
4
x∂xΦ
(1)
a (x, ζ)
)
, (4.43)
and
t˜na1 =
∫
dζζn
(
−12xΦ(0)a (x, ζ) +
1
2Φ
(1)
a (x, ζ)−
1
4
x2∂xΦ
(0)
a (x, ζ)
)
. (4.44)
Similar for all other terms t˜nak, the fator (1 + ǫ(ζ)) is absent ompared to t
n
ak.
It is remarkable that eah kinemati oeient Ka ontributes to all possible kinemati
strutures. Beause of the transversal behaviour of π− we expet that the last two strutures
pT+µπ− ν + p
T
+ νπ−µ and π−µπ− ν as well as the omplete ontributions of the seond invariant
(4.41) are less important in omparison with the strutures gTµν and p
T
+µp
T
+ ν and the rst invariant
in (4.40). Moreover the leading ontributions to the rst two strutures in (4.41) ontain the
small oeient η. In Eqs. (4.40, 4.41) the ontributions ∝M2, t emerge as
x2p2+
Q2
=
x2 (4M2 − t)
Q2
, (4.45)
x2p2−
Q2
=
x2t
Q2
, (4.46)
respetively. Noting that |η| ≃ xP, and xP ∼ O(xBJ) for dirative sattering the target mass and
nite t orretions are suppressed by O(x2M2/Q2), with x . 10−2. In the meson-exhange ase,
xvalues of around x ≃ 0.3 may be reahed and O(10%× (M2/Q2)) eets may be obtained.
Let us onsider the omplete zeroth order term
1
2π
ImT tw2{µν} (q) |0 =gTµν xΦ(0 0)1 (x)−
pT+µp
T
+ ν
Q2
x3Φ
(0 0)
1
− p
T
+µπ− ν + p
T
+ νπ−µ
Q2
x2
[
xΦ
(0 1)
1 + Φ
(1 0)
2 − Φ(1 1)1
]
− π−µπ− ν
Q2
x2
[
xΦ
(0 2)
1 − 2Φ(1 2)1 + 2Φ(1 1)2
]
. (4.47)
Also here we an see that the ontributions to the rst two kinemati strutures result from
the distribution funtions Φ
(0 0)
1 (x) of the rst kinemati struture only. This reprodues our
result [2℄ obtained for vanishing t, target mass, and negligible transversal momenta π−,
1
2π
ImT tw2{µν} (q) |0 = gTµν xΦ(0 0)1 (x)−
pT+µp
T
+ ν
Q2
x3Φ
(0 0)
1 .
The leading t-dependene is ontained in the rst struture gTµν of (4.40)
1
2π
ImT tw2{µν} (q) |t =gTµν
x2t
Q2
χ(x), (4.48)
χ(x) ≈
{
1
2
x
(
Φ
(0 0)
1 − Φ(0 2)1 − η(3Φ(0 1)1 + Φ(0 3)1 )
)− 1
2
(
Φ
(1 0)
1 − Φ(1 2)1 − η(3Φ(1 1)1 + Φ(1 3)1 )
)
+
1
4
x2∂x(Φ
(0 0)
1 − Φ(0 2)1 − 2ηΦ(0 1)1 )−
∫ 1
x
dy
y
(ηΦ
(1 1)
1 + ηΦ
(1 3)
1 + Φ
(1 2)
1 )
}
.
(4.49)
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Terms ∝ η2 ≃ x2
P
are dropped.
A last remark onerns the generalized Callan-Gross relation (4.22). This relation an be
written for ζmoments (4.33) as
W
(n)diff
aL (x, p
2
+/Q
2) = −W (n)diffa 1 (x, p2+/Q2) +
p2+ + (qp+)
2/Q2
M2
W
(n)diff
a 2 (x, p
2
+/Q
2)
+
p2+
M2
∫
dζζn ǫW diffa 2 (x,P2/Q2, ζ). (4.50)
Finally we remark that an equivalent kinemati parameterization an be obtained using
pT± = p
T
2 ± pT1 , π− = p− − ηp+ = p2(1− η)− p1(1 + η) = pT2 (1− η)− pT1 (1 + η). (4.51)
These relations allow to link dierent representations of the hadroni tensor, whih linearly
relates various denitions of struture funtions, f. (2.13). All ontributions due to M2 and
teets in the above are suppressed like ∝ x2(P)µ2/Q2 with µ2 = |t|,M2.
There are, however also other ontributions emerging in the sattering ross setions, whih
are of kinemati origin and stem from 4-vetor produts ontributing to the proess ontrating
the leptoni and hadroni tensor, see Appendix A for details. Most of these invariants are large,
like l1.l2 and l1.p1. The invariant l1.p2, (A.37), leads to kinemati power orretions further to
those onsidered in (2.242.26). Here the leading ontribution beyond the lowest order term is
of O(cos(φb)xBJ
√
µ2/Q2), µ2 = |t|,M2 . The terms, whih do not vary with the angle φb are
of O(xBJµ2/Q2). In onlusion, the largest dependenes from the limiting ase |t|,M2 → 0 are
obtained from the kinemati terms in the ross setion. Those resulting from the target-mass
and t-orretions of the hadroni matrix elements always our with an extra power in xBJ or
xP.
4.2 The Antisymmetri Part
The ontribution to the antisymmetri part of the hadroni tensor is given by, f. [1, 20℄,
W tw2[µν] (q) = −π ǫ αβµν
∫
dζ
{
qαKa5β
qP
[
ga1(x; ζ) + ga2(x; ζ)
]
− qα Pβ
qP
(qKa5)
qP ga2(x; ζ)
+
1
2
qαPβ
qP
(PKa5)
Q2
ga0(x; ζ)
}
, (4.52)
in terms of the ζ-integral. Here the oeients Ka5µ are given by (3.8) and the funtions
ga k(x; ζ) ≡ ga k(x, ξ,P2/Q2, ζ)|k=0,1,2 read
ga1(x; ζ) =
x
ξ
1
[1 + x2P2/Q2]3/2× (4.53)[
Φ
(0)
5a (ξ, ζ) +
x(ξ + x)P2/Q2
[1 + x2P2/Q2]1/2Φ
(1)
5a (ξ, ζ)−
xξ P2
2Q2
2− x2P2/Q2
1 + x2P2/Q2Φ
(2)
5a (ξ, ζ)
]
,
ga2(x; ζ) = −x
ξ
1
[1 + x2P2/Q2]3/2× (4.54)[
Φ
(0)
5a (ξ, ζ)−
1− xξ P2/Q2
[1 + x2P2/Q2]1/2Φ
(1)
5a (ξ, ζ)−
3
2
xξ P2/Q2
1 + x2P2/Q2Φ
(2)
5a (ξ, ζ)
]
,
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ga1(x; ζ) + ga2(x; ζ)
=
x
ξ
1
[1 + x2P2/Q2]3/2
[(
1 +
xξP2
2Q2
)
Φ
(1)
5a (ξ, ζ) +
xξP2
2Q2
Φ
(2)
5a (ξ, ζ)
]
(4.55)
=
x
ξ
1
1 + x2P2/Q2
[
Φ
(1)
5a (ξ, ζ) +
1
2
xξ P2/Q2
[1 + x2P2/Q2]1/2Φ
(2)
5a (ξ, ζ)
]
,
ga0(x; ζ) =
x2
[1 + x2P2/Q2]3/2× (4.56)[
Φ
(0)
5a (ξ, ζ)−
3
[1 + x2P2/Q2]1/2Φ
(1)
5a (ξ, ζ) +
2− x2P2/Q2
1 + x2P2/Q2Φ
(2)
5a (ξ, ζ)
]
.
The dGPDs Φ
(i)
5 a(ξ, ζ) are based on (3.6) and, similar to the denitions (4.84.11) of Φ
(i)
a (ξ, ζ),
Φ
(0)
5 a(ξ, ζ) ≡ ξ f5 a(ξ, ζ) , (4.57)
Φ
(i)
5 a (ξ, ζ) =
∫ 1
ξ
dy
y
Φ
(i−1)
5 a (y, ζ) , i ≥ 1 . (4.58)
As shown before [1, 20℄ the WandzuraWilzek (WW) relation [35℄ holds for the un-integrated
distribution funtions
gtw2a2 (x; ζ) = − gtw2a1 (x; ζ) +
∫ 1
x
dy
y
gtw2a1 (y; ζ) , (4.59)
between gtw2a2 and g
tw2
a1 . All target mass and torretions an uniquely be absorbed into the
struture funtions. Note that this relation holds for all invariants Ka5 independently. The
validity of the WandzuraWilzek relation for dirative sattering at general hadroni sales
M2, t is a further example in a long list of ases. It was observed using the ovariant parton model
and light-one expansion [36, 37℄. For forward sattering, target- and quark-mass orretions
ould be ompletely absorbed into the struture funtions maintaining the WW-relation [16,
17℄. It is valid for gluon-indued heavy avor prodution [38℄, nonforward sattering [39℄, and
dirative sattering in the limit M2, t → 0 [3℄. In the eletroweak ase further sumrules
exist [37℄. Considering the target mass orretions there are new twist3 integral relations [16℄.
The distribution funtion gtw2a0 is also related to g
tw2
a1 but in a more ompliated manner:
gtw2a0 (x; ζ) = xξ g
tw2
a1 (x; ζ)−
2x2 + xξ
[1 + x2P2/Q2]1/2
∫ 1
x
dy
y
gtw2a1 (y; ζ)
+
2x2
[1 + x2P2/Q2]3/2
∫ 1
x
dy
y
∫ 1
y
dy′
y′
gtw2a1 (y
′; ζ) . (4.60)
From (4.52)  (4.56) we now extrat the ζ-independent funtions. In the kinemati fators
ζ appears only up to seond power. As preliminary lassiation we therefore an perform
the ζintegrals aording to the ζpowers of the kinemati fators, not ounting the internal
ζ-dependene of the GPDs gak(x; ζ) itself.
For eah invariant a let us dene
G
(n)
a k (x, η, t, p
2
+/Q
2) =
∫
dζ ζn ga k(x; ζ) , k = 0, 1, 2, (4.61)
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so that from (4.52) one obtains
ImT tw2[µν] (q) = −π ǫ αβµν
{
qαKa5β
qp+
(
G
(0)
a1 +G
(0)
a2
)
− qα p+β
qp+
(
qKa5
qp+
G
(0)
a2 −
1
2
p+Ka5
Q2
G
(0)
a0 −
1
2
π−Ka5
Q2
G
(1)
a0
)
− qα π−β
qp+
(
qKa5
qp+
G
(1)
a2 −
1
2
p+Ka5
Q2
G
(1)
a0 −
1
2
π−Ka5
Q2
G
(2)
a0
)}
. (4.62)
≈ −π ǫ αβµν
{
qαKa5β
qp+
(
G
(0)
a1 +G
(0)
a2
)
− qα p+β
qp+
qKa5
qp+
G
(0)
a2 −
qα π−β
qp+
qKa5
qp+
G
(1)
a2
}
. (4.63)
In the last line the leading terms are written only. Now, inserting the three invariants Ka5 in
(3.8) expliitly, one obtains disregarding sub-leading terms in 1/Q2 :
Im T
(0) tw2
[µν] (q) ≈ −π ǫ αβµν
{
qαS
T
β
qp+
(
G
(0)
1 1 +G
(0)
1 2
)− qαpT+β
qp+
[
qS
qp+
G
(0)
1 2 −
p2.S
M2
G
(0)
2 1
]
− qαπ
T
−β
qp+
[
qS
qp+
G
(1)
1 2 +
p2.S
M2
(
G
(1)
2 2 −G(0)3 1 −G(0)3 2
)]}
. (4.64)
Due to the presene of the Levi-Civita symbol, only transversal omponents (2.17) ontribute.
Note that p1.S = 0. The approximate expressions for G
(n)
a k are
G
(n)
a1 (x) ≈ Φ(0n)5a (x)−
x2 p2+
Q2
γna1
G
(n)
a2 (x) ≈ −
[
Φ
(0n)
5a (x)− Φ(1n)5a (x)
]
− x
2 p2+
Q2
γna2,
G
(n)
a1 (x) +G
(n)
a2 (x) ≈ Φ(1n)5a (x) −
x2 p2+
Q2
γna12
G
(n)
a0 (x) ≈ x2
[
Φ
(0n)
5a (x)− 3Φ(1n)5a (x) + 2Φ(2n)5a (x)
]
− x
2 p2+
Q2
γna0 , (4.65)
with
γna1 =
∫
dζ(1 + ǫ(ζ))ζn
(
5
4
Φ
(0)
a5 (x, ζ)− 2Φ(1)a5 (x, ζ) + Φ(2)a5 (x, ζ) +
1
4
x∂xΦ
(0)
a5 (x, ζ)
)
,
γna2 =
∫
dζ(1 + ǫ(ζ))ζn
(
−5
4
Φ
(0)
a5 (x, ζ) +
11
4
Φ
(1)
a5 (x, ζ)−
3
2
Φ
(2)
a5 (x, ζ)
−1
4
x∂x
(
Φ
(0
a5(x, ζ)− Φ(1)a5 (x, ζ)
))
,
γna12 =
∫
dζ(1 + ǫ(ζ))ζn
(
−1
2
xΦ
(2)
a5 (x, ζ) +
3
4
Φ
(1)
a5 (x, ζ) +
1
4
x∂xΦ
(1)
a5 (x, ζ)
)
and
γ˜ na1 =
∫
dζζn
(
5
4
Φ
(0)
a5 (x, ζ)− 2Φ(1)a5 (x, ζ) + Φ(2)a5 (x, ζ) +
1
4
x∂xΦ
(0)
a5 (x, ζ)
)
,
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with similar expressions for the other terms γ˜ nak. The funtions Φ
(1n)
5a (x) are determined as in
Eq. (4.39). The last funtion G
(n)
a0 does not ontribute to leading order. As nal approximate
result in leading order we obtain
ImT
(0) tw2
[µν] (q) |0 ≈ −π ǫ αβµν
{
qαS
T
β
qp+
Φ
(1, 0)
51 (x) (4.66)
+
qαp
T
+β
qp+
[
qS
qp+
(
Φ
(0, 0)
51 (x)− Φ(1, 0)51 (x)
)
+
p2S
M2
Φ
(0, 0)
52 (x)
]
+
qαπ
T
−β
qp+
[
qS
qp+
(
Φ
(0, 1)
51 (x)− Φ(1, 1)51 (x)
)
+
p2S
M2
(
Φ
(1, 0)
53 (x) + Φ
(0, 1)
52 (x)− Φ(1, 1)52 (x)
)]}
.
In Ref. [3℄ the terms ∝ p2.S were negleted treating p2||p1 and vanishing ontributions ∝ π−.
While this is orret for t→ 0, a nite ontribution remains for M2 → 0, Eq. (A.23),
lim
t→0
p2.S
M2
= xP
1− xP/2
1− xP +O
(
xBJxP
M2
Q2
)
. (4.67)
So the previous result [3℄ is to be modied by a third term
ImT
(0) tw2
[µν] (q) |0 ≈ −π ǫ αβµν
{
qαS
T
β
qp+
Φ
(1, 0)
51 (x) +
qαp
T
+β
qp+
[ qS
qp+
(
Φ
(0, 0)
51 (x)− Φ(1, 0)51 (x)
)
+ xPΦ
(0, 0)
52 (x)
]}
.
(4.68)
The t-dependent orretion terms result from the (η2+ t/p2+)ontributions in ǫ and they are
entirely ontained in orretion terms γnak :
ImT
(0) tw2
[µν] (q) |t ≈ +π ǫ αβµν
x2 t
Q2
{
qαS
T
β
qp+
(
(γ˜21 1 + γ˜
2
1 2) + 2η(γ˜
1
1 1 + γ˜
1
1 2)− (γ˜01 1 + γ˜01 2)
)
−qαp
T
+β
qp+
[
qS
qp+
(
γ˜21 2 + 2ηγ˜
1
1 2 − γ˜01 2
)− p2S
M2
(
γ˜22 1 + 2ηγ˜
1
2 1 − γ˜02 1
)]
−qαπ
T
−β
qp+
[
qS
qp+
(
γ˜31 2 + 2ηγ˜
2
1 2 − γ˜01 2
)
+
p2S
M2
(
(γ˜32 2 − γ˜23 1 − γ˜23 2) + 2η(γ˜22 2 − γ˜13 1 − γ˜13 2)
−(γ˜12 2 − γ˜03 1 − γ˜03 2)
)]}
. (4.69)
The orresponding terms are of the same size as in the unpolarized ase, Setion 4.1, and may
have a quantitative eet only in the low Q2region in the mesonexhange ase.
It is remarkable that the Wandzura-Wilzek relation [35℄ remains intat after ζ-integrations
and is valid for the experimentally observable moments,
G
(n)
a 2 (x, η, t, p
2
+/Q
2) = −G(n)a 1 (x, η, t, p2+/Q2) +
∫ 1
x
dy
y
G
(n)
a 1 (y, η, t, p
2
+/Q
2) . (4.70)
The seond integral relation (4.60) ontains the ζdependent denominator
√
1 + x2P2/q2 so that
we obtain after ζ-integration more ompliated expressions. In the approximation π− = 0 one
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obtains
G
(n)
a 0 (x, η, t, p
2
+/Q
2) ≈ xξ0 G(n)a 1 (x, η, t, p2+/Q2)−
2x2 + xξ0
[1 + 4x2 p2+/Q
2]1/2
∫ 1
x
dy
y
G
(n)
a 1 (y, η, t, p
2
+/Q
2)
+
2x2
[1 + 4x2 p2+/Q
2]3/2
∫ 1
x
dy
y
∫ 1
y
dy′
y′
G
(n)
a 1 (y
′, x, η, t, p2+/Q
2) . (4.71)
ξ0 denotes the Nahtmann variable (4.35). However the funtions G
(n)
a 0 (x, η, t, p
2
+/Q
2) ontribute
to sub-leading terms only.
5 Conlusions
Deepinelasti dirative sattering, like other hard sattering proesses o nuleons, requires
target mass orretions in the region of lower Q2-sales. In fat, the nuleon mass M is not the
only hadroni sale relevant to that proess where both the inoming and outgoing nuleon play
a role. The invariant t = (p2 − p1)2 on average is of the same size as M2.3 In the present paper
we investigated in detail the onditions under whih terms like M2/Q2 or |t|/Q2 ontribute.
We onsidered the leading twist ontributions for whih fatorization theorems allow a par-
toni desription. With the help of A. Mueller's generalized optial theorem it was possible
to reformulate dirative sattering in terms of deepinelasti sattering o an eetive two
nuleon pseudo-state aounting for t. All essential expressions determining experimentally
relevant quantities are the dirative generalized parton densities (dGPD) dened as expeta-
tion values of non-loal light-one operators (3.5,3.6). The involved iterated dirative dGPDs
(4.84.13), respetively (4.57) and (4.58), Φ
(i)
(5)a(λ, ζ, t, η;µ
2) depend on at least three variables,
λ, ζ and t. Hereby t is an external variable, whereas λ is dened as overall sale multiplied
with a generalized momentum in (p+z+ + p−z−) = λP. In the hadroni tensor Wµν = ImTµν
it is xed by ξ, the generalized Nahtmann variable (3.18). Moreover the generalized momen-
tum P = p+ + ζπ− splits into a longitudinal and a transversal part π− multiplied by a new
variable ζ and an be treated separately. The problem in applying the results of our previous
work [1℄ is the dependene of the dGPDs on the `internal' variable ζ whih is not measurable in
experiment sine it ontributes through a denite integral in the nal expressions. We performed
an expansion w.r.t. the external variable p2+/Q
2
. This leads to a set of integrated dGPDs whih
desribe the proess and the relevant mass orretions in a well-dened approximation.
One of our results is a presription of experimental data in terms of experimentally aessible
integrated dirative GPD's,
Φ
(i n)
(5)a (ξ, t, η) =
∫
dζ ζnΦ
(i)
(5)a(ξ, ζ, t, η) , (5.1)
or approximately by the funtions (4.39), whih ould be onsidered as dirative parton den-
sities, as it is the ase for vanishing masses [2℄. For our approximation a similar relation holds,
where ξ is substituted by the variable x = Q2/qp+. Note that one and the same dirative input
GPD Φ
(i)
(5)a(ξ, ζ, t, η) determines several amplitudes with dierent kinemati fators. This an be
seen in the lowest approximations (4.47) or (4.66) and for the t-dependent orretions (4.49) and
(4.69).
3
In ase of related semiexlusive proesses in whih more than one nalstate hadron is well separated in
rapidity from the inlusively produed hadrons other invariants more would emerge.
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The t and M2dependene due to the funtions Φ
(in)
(5)a(ξ, t, η), besides the non-perturbative
tbehaviour, turns out to be of O(x2BJ(P)µ2/Q2), µ2 = |t|,M2. Some of the kinemati fators
emerging in the sattering ross setion turn out to be less suppressed and are of O(xBJ(P)µ2/Q2).
In the ase of dirative sattering the region of xBJ and xP is eetively limited by / 10−2.
The orresponding orretions annot be resolved at the experimental auray. The eets are
larger in the ase of mesonexhange proesses with a fast hadron due to the range x / 0.3.
Due to the smallness of these orretions the dirative distribution funtions obey a partoni
desription, where t plays the role of an additional variable besides β = xBJ/xP.
At the level of twist2 the struture funtions the sattering ross setion an be built from the
orresponding operator expetation values (3.53.6) as in the ase of deepinelasti sattering
sine the speis of dirative sattering is moved into the orresponding twopartile wave
funtions. Consequently, the logarithmi saling violations, whih an be ompletely assoiated
with that of the operators, f. [2,27℄, are found to be the same as in DIS or DVCS, if the omplete
dirative GPDs are used.
The integral relations (4.22), (4.59) and (4.60) an be transformed in part to the integrated
funtions only. The presene of target mass and t-eets enlarges the number of struture
funtions determining the hadroni tensor if ompared to the ase of forward sattering. As
shown in the present paper, these orretions are suppressed by at least one power in xBJ or xP
and therefore the piture derived in [2, 3℄ remains valid quantitatively. In the polarized ase,
there is a new term, f. (4.68), whih ontains xP as prefator. The WandzuraWilzek relation
remains unbroken and holds even separately for the ontributions of the three dierent invariants
K5a (3.8). We have also shown how the present formalism an be used to derive the target mass
orretions in the limit of forward sattering.
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A Kinemati Relations
In the following we list kinemati relations for the proess of deeply-inelasti dirative sattering.
The inoming and outgoing lepton momenta are l1 and l2, those of the nuleon are p1 and p2
(dirative nuleon), and the vetor of the remainder hadrons is denoted by r. We disregard
the lepton masses, l1.l1 = l2.l2 = 0. The kinemati invariants of this 2 → 3 partile sattering
proess are, f. [40℄,
p1.p1 = p2.p2 = M
2 , (A.1)
r.r = M2X , (A.2)
s = (l1 + p1)
2 = 2l1.p1 +M
2 , (A.3)
q2 = −Q2 = (l1 − l2)2 = −2l1.l2 , (A.4)
t = (p1 − p2)2 = 2M2 − 2p1.p2 , (A.5)
W 2 = (r + p2)
2 = (q + p1)
2 = Q2
(
1
xBJ
− 1
)
+M2 , (A.6)
l1.q = −Q2/2 , (A.7)
l2.q = +Q
2/2 , (A.8)
s1 = (l2 + r)
2 , (A.9)
2l1.p2 = s− s1 + t−M2 . (A.10)
For the later analysis it will be useful to onsider the ms frame of the momenta
p1 + q = p2 + r = 0 . (A.11)
We need to express S||.p2. This requires a suitable representation of p2, whih annot be obtained
from the invariants above. In the frame (A.11) the energies and absolute values of the three-
momenta are given by
Eq =
1
2
√
W 2
[
W 2 −Q2 −M2] , (A.12)
Ep1 =
1
2
√
W 2
[
W 2 +Q2 +M2
]
, (A.13)
|q| = |p1| =
1
2
√
W 2
λ1/2(W 2,−Q2,M2) , (A.14)
Er =
1
2
√
W 2
[
W 2 +M2X −M21
]
, (A.15)
Ep2 =
1
2
√
W 2
[
W 2 +M2 −M2X
]
, (A.16)
|r| = |p2| =
1
2
√
W 2
λ1/2(W 2,M2,M2X) , (A.17)
El = |l| = 1
2
√
W 2
[
s−Q2 −M2] . (A.18)
The spin vetor S|| and the four vetor p2 read
S|| =
1
2
√
W 2
(
λ1/2(W 2,−Q2,M2); 0, 0,W 2 +M2 +Q2) , (A.19)
p2 =
1
2
√
W 2
(
W 2 +M2 −M2X ;p⊥,2, cos θ1,2λ1/2(W 2,M2,M2X)
)
, (A.20)
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with S2|| = −M2 and
cos θ1,2 =
2W 2(t− 2M2) + (W 2 +Q2 −M2)(W 2 +M2 −M2X)√
λ(W 2,M2,−Q2)λ(W 2,M2,M2X)
=
1− xP + txBJQ2 − 4xBJM
2
Q2
(
1− xBJ + xBJM2Q2
)
− 2x2BJt
Q2
(
1− M2
Q2
)
{(
1 +
4x2
BJ
M2
Q2
)[(
1− xP − xBJtQ2
)2
− 4xBJxPM2Q2
(
1− β + β t
Q2
)]}
≃ 1− xBJ
1− xP
[ |t|
Q2
(
1 +
2
1− xP
)
+
4M2
Q2
]
+O
((
x2BJ,
xBJµ
2
Q2
)2)
, (A.21)
with µ2 = t,M2. Note that the dependene on µ2/Q2 is here linear with xBJ.
λ(a, b, c) = (a− b− c)2 − 4bc (A.22)
denotes the triangle-funtion. In the limit t,M2 → 0 one obtains cos θ1,2 = 1.
S||.p2 is given by
S||.p2 =
1
4W 2
[
λ1/2(W 2,−Q2,M2)(W 2 +M2 −M2X)
− cos(θ1,2)λ1/2(W 2,M2,M2X)(W 2 +M2 +Q2)
]
=
M2xP(1− xP/2)
1− xP +
|t|(3− xP)
4(1− xBJ)(1− xP) +O(|t|
2,M4, |t|M2) . (A.23)
Further S||.l1 and S||.q are
S||.l1 =
1
4W 2
(
s−Q2 −M2) Q2
xBJ
[(
1 +
4x2BJM
2
Q2
)1/2
−
(
1 +
2xBJM
2
Q2
)]
≃ − 1
2y
(1− xBJy)M2 +O
(
x2BJM
4
Q2
)
, (A.24)
S||.q = − 1
2W 2
(
Q2 −M2) Q2
xBJ
√
1 +
4x2BJM
2
Q2
= − Q
2
1− xBJ
[
1− M
2
Q2
(
1
1− xBJ − 4x
2
BJ
)
+O
((
xBJ
M2
Q2
)2)]
. (A.25)
Note that these expressions ontain terms of O(M2/Q2) and O(xBJM2/Q2). S||.l1 and S||.p2
vanish in the strit ollinear limit t,M2 → 0.
The above invariants, exept s1, were all parameterized in terms of the dimensionless quan-
tities, as xBJ, y, xP keeping M
2
and t, whih are normalized to Q2. The invariant
s1 = s+M
2 − 1
λ(W 2, q2,M2)
[
D1 + 2 cos(φb)
√
G1G2
]
, (A.26)
in addition depends on the azimuthal angle φb. Here,
G1 = G(s, q
2,W 2, 0,M2, 0) ≤ 0 , (A.27)
G2 = G(W
2, t,M2, q2,M2,M2X) ≤ 0 , (A.28)
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where G denotes the Caley determinant
G(x, y, z, u, v, w) = −1
2
∣∣∣∣∣∣∣∣∣∣
0 1 1 1 1
1 0 v x z
1 v 0 u y
1 x u 0 w
1 z y w 0
∣∣∣∣∣∣∣∣∣∣
. (A.29)
D1 is the determinant
D1 =
∣∣∣∣∣∣
2M2 W 2 − q2 +M2 2M2 − t
W 2 − q2 +M2 2W 2 W 2 −M2X +M2
s+M2 s+W 2 0
∣∣∣∣∣∣ . (A.30)
Let us onsider the limit M2, t→ 0. Here
G2 = G(W
2, 0, 0, q2, 0,M2X) = 0 , (A.31)
and s1 does not depend on the azimuthal angle φb. Furthermore,
D1 = (W
2 +Q2)(W 2 −M2X)s =
sQ4
x2BJ
(1− xP) , (A.32)
2l1.p2 = s(1− xP) . (A.33)
Therefore we obtain in the limit M2, t→ 0 the hadroni tensors given in [2, 3℄.
We now expand 2l1.p2 up to terms linear in M
2
and t. One obtains
G1 ≃ −s2Q2
[
(1− y)− M
2
Q2
xBJy (2− y(1− x))
]
, (A.34)
G2 ≃ − Q
4
x2BJ
[
(1− 2xBJ − xP) |t|
Q2
− M
2
Q2
x2
P
(1 + 2β)2
]
, (A.35)
D1 ≃ Q
6
yx3BJ
[
1− xP + |t|
Q2
xBJ(y(1− xBJ) + 2xBJ) + 2M
2
Q2
xBJ(2xBJ + y(1− xBJxP))
+O(µ4/Q4)
]
. (A.36)
The ratio l1.p2/l1.p1 reeives
√
µ2/Q2 orretions for the angular term ∝ cosφb and µ2/Q2
orretions otherwise,
l1.p2
l1.p1
= 1− xP + |t|
Q2
xBJ [y(1− xBJ) + 2xBJ] + 2M
2
Q2
xBJy(1− xBJxP)
+2 cosφbx
√
1− y
[
(1− 2xBJ − xP) |t|
Q2
− M
2
Q2
x2
P
(1 + 2β)2
]1/2
+O
(
µ3
(Q2)3/2
)
. (A.37)
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B The Limiting Case of DeepInelasti Sattering
As a hek of our general result we perform the limit p2 → 0 to obtain the results of Refs. [1517℄.
In this limit the kinemati variables and invariants are given by
P → p1 ≡ p , x→ 2xfBj ≡
Q2
qp
, η → −1 , π− → 0 , (B.1)
P2 → M2 , t→ M2 , p−p+ → −M2 , K1 → p , K2 → 0 . (B.2)
The generalized Nahtmann variable takes the form
ξ → 2 2x
f
Bj
1 +
√
1 + 4xfBjM
2/Q2
= 2ξf . (B.3)
First, we onsider the symmetri part of the amplitude. The seond kinemati variable K2 = π−
vanishes. In (4.17) only the ontributions for a = 1 remain,
ImT tw21 {µν} (q) = 2π
∫
dζ
[
− gTµν W diff1 1 (x,P2/Q2; ζ) +
pTµp
T
ν
M2
W diff1 2 (x,P2/Q2; ζ)
]
(B.4)
→ 2π
[
− gTµν W1(ξf) +
pTµp
T
ν
M2
W2(ξ
f)
]
. (B.5)
Beause of p2 = 0, the integration over z2 an now be performed,∫
dz2 φ(z1, z2) = φ̂(z1) , (B.6)
where Φ̂(z1) denotes the parton density in the deepinelasti ase. The variables zi are expressed
by
z1 → λ = ξ , z2 → λ(2ζ + 1) = ξ(2ζ + 1) , dz2 = 2 ξ dζ . (B.7)
From the omplete integration measure 2|λ|dλdζ the λ-integral has already been arried out, so
that only the ζ-integration remains.
To get the standard struture funtions for deepinelasti sattering we take the limits (B.1
B.3) and perform the ζ-integration,
Wk(ξ
f , xfBj, p
2/Q2) =
∫
dζ lim
p2→0
W diff1 k (ξ, x,P2/Q2; ζ) for k = 1, 2 . (B.8)
To obtain expliit expressions we use W diff1 1 (ξ, x,P2/Q2; ζ) and W diff1 2 (ξ, x,P2/Q2; ζ) in (4.18) and
(4.20) together with the dirative struture funtions F1 1(ξ, ζ) and F1 2(ξ, ζ) as given by (4.3)
and (4.4), respetively. We obtain
W1 =
2 xfBj√
1 + 4(xfBj)
2M2/Q2
[
Φ̂
(0)
f 1 +
xfBjM
2/Q2√
1 + 4(xfBj)
2M2/Q2
Φ̂
(1)
f 1 +
(xfBjM
2/Q2)2
1 + 4(xfBj)
2M2/Q2
Φ̂
(2)
f 1
]
(B.9)
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and
W2 =
(2 xfBj)
3M2/Q2√
1 + 4(xfBj)
2M2/Q2
3
[
Φ̂
(0)
f 1 +
3 xfBjM
2/Q2√
1 + 4(xfBj)
2M2/Q2
Φ̂
(1)
f 1 +
3 (xfBjM
2/Q2)2
1 + 4(xfBj)
2M2/Q2
Φ̂
(2)
f 1
]
,
(B.10)
where the funtions Φ̂
(n)
f 1 (2ξ
f) follow from (4.84.10).
The ζintegrals an be performed taking into aount
Φ̂
(n)
f 1 (2ξ
f) = 2nΦ
(n)
f 1 (ξ
f), (B.11)
whih yields∫
dζΦ(0)a (ξ, ζ) ≡ Φ̂(0)a (ξ)→ Φ̂(0)f a(2ξf) = ff a(ξf) = Φ(0)f a(ξf) , (B.12)∫
dζΦ(1)a (ξ, ζ) ≡ Φ̂(1)a (ξ)→ Φ̂(1)f a(2ξf) = 2
∫ 1
ξf
dy1 ff a(y1) = 2Φ
(1)
f a(ξ
f) , (B.13)∫
dζΦ(2)a (ξ, ζ) ≡ Φ̂(2)a (ξ)→ Φ̂(2)f a(2ξf) = 4
∫ 1
ξf
dy2
∫ 1
y2
dy1 ff a(y1) = 4Φ
(2)
f a(ξ
f) , (B.14)
in the limit p2 → 0. Finally one obtains
W1(ξ
f) =
2 xfBj√
1 + 4(xfBj)
2M2/Q2
[
Φ
(0)
f 1 +
2 xfBjM
2/Q2√
1 + 4(xfBj)
2M2/Q2
Φ
(1)
f 1 +
4 (xfBjM
2/Q2)2
1 + 4(xfBj)
2M2/Q2
Φ
(2)
f 1
]
(B.15)
and
W2(ξ
f) =
(2 xfBj)
3M2/Q2√
1 + 4(xfBj)
2M2/Q2
3
[
Φ
(0)
f 1 +
6 xfBjM
2/Q2√
1 + 4(xfBj)
2M2/Q2
Φ
(1)
f 1 +
12 (xfBjM
2/Q2)2
1 + 4(xfBj)
2M2/Q2
Φ
(2)
f 1
]
,
(B.16)
the representation for the target mass orretions in the unpolarized ase given in [15℄ before.
As in the ase of generalized parton densities also here the dirative hadroni distribution
amplitudes ontain as limit the parton distribution of deeply inelasti sattering. However, are
is needed beause
Φ
(0)
f a(ξf) = Φ̂a(2ξ
f , t = M2) (B.17)
inludes an analyti ontinuation from the physial values t < 0 to t = M2.
Next, we onsider the antisymmetri ontributions in the Compton amplitude, whih orre-
spond to the ase of polarized sattering. From the kinemati fators (3.8) only K15 = S remains
in the limit p2 → 0. We onsider (4.62) and (4.64) with the denition (4.61) for G(n)1 k . This
results in
ImT tw2[µν] f (q) = π ǫ
αβ
µν
{
qαSβ
qp
(
G
(0)
11 (x
f
Bj) +G
(0)
12 (x
f
Bj)
)
− qαpβ
qp
qS
qp
G
(0)
12 (x
f
Bj)
}
, (B.18)
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the forward sattering limit (B.1) of our general result (4.62) and (4.64) with the denition (4.61)
of G
(n)
1 k . The antisymmetri part of the amplitude simplies to
G
(0)
11 (x
f
Bj) =
xfBj/ξ
f
[1 + 4(xfBj)
2M2/Q2]3/2
[
Φ̂
(0)
51 (2ξ
f) +
4xfBj(x
f
Bj + ξ
f)M2/Q2
[1 + (4xfBj)
2M2/Q2]1/2
Φ̂
(1)
51 (2ξ
f)
− 2xfBjξfM2/Q2
2− 4(xfBj)2M2/Q2
1 + 4(xfBj)
2M2/Q2
Φ̂
(2)
51 (2ξ
f)
]
, (B.19)
G
(0)
12 (x
f
Bj) =
−xfBj/ξf
[1 + 4(xfBj)
2M2/Q2]3/2
[
Φ̂
(0)
51 (2ξ
f)− 1− 4x
f
Bjξ
fM2/Q2
[1 + 4(xfBj)
2M2/Q2]1/2
Φ̂
(1)
51 (2ξ
f)
− 6 x
f
Bjξ
fM2/Q2
1 + 4(xfBj)
2M2/Q2
Φ̂
(2)
51 (2ξ
f)
]
, (B.20)
and
G
(0)
11 (x
f
Bj) +G
(0)
12 (x
f
Bj) =
xfBj/ξ
f
[1 + 4(xfBj)
2M2/Q2]3/2
(B.21)
×
[(
1 + 2xfBjξ
fM2/Q2
)
Φ̂
(1)
51 (2ξ
f) + 2xfBjξ
fM2/Q2 Φ̂
(2)
51 (2ξ
f)
]
.
Again we introdued the (integrated) parton distributions Φ̂
(0)
5 a(ξ) and performed the limit (B.1)
as follows:∫
dζΦ
(0)
5 a(ξ, ζ) ≡ Φ̂(0)5 a(ξ)→ Φ̂(0)5 a(2ξf) = 2ξff5 f a(ξf) = Φ(0)5 f a(ξf) , (B.22)∫
dζΦ
(1)
5 a(ξ, ζ) ≡ Φ̂(1)5 a(ξ)→ Φ̂(1)5 a(2ξf) =
∫ 1
ξf
dy1
y1
Φ
(0)
5 f a(y1) = Φ
(1)
5 f a(ξ
f) , (B.23)∫
dζΦ
(2)
5 a(ξ, ζ) ≡ Φ̂(2)5 a(ξ)→ Φ̂(2)5 a(2ξf) =
∫ 1
ξf
dy2
y2
∫ 1
y2
dy1
y1
Φ
(0)
5 f a(y1) = Φ
(2)
5 f a(ξ
f) . (B.24)
Finally we substitute Φ̂
(i)
5 a(2ξ
f) by Φ
(2)
5 f a(ξ
f) and obtain the result given in [16, 17℄ before.
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